The effects of feeding level on body weight (BW), lifetime growth rate, backfat thickness (BF), fatness (BF/BW) and ovulation rate at first (puberty) and second estrus were examined in 145 gilts. From 47.2 kg until puberty, gilts were fed 2.0 kg/d (L) or had ad libitum access to feed (€I). From puberty to second estrus, the feed allowance of onehalf of the L gilts was increased to 2.8 kgld. Rush-feeding only normalized ovulation rate (OR) to that observed in gilts with ad libitum access to feed. At puberty, a quadratic negative relationship between lifetime growth rate and age indicated that age at puberty was minimum at a growth rate of I .60 kgld Thereafter, age at puberty became independent of, or possibly positively related to, lifetime growth rate. Gilts with higher lifetime growth rate also were heavier and fatter at puberty. It was concluded that puberty may have been attained when a certain BF or fatness was achieved, because growth rate of restricted-fed gilts and quickly growing gilts with ad libitum access to feed may have been associated with reduced fat deposition. Hence, maximizing growth rate in replacement gilts does not hasten the attainment of puberty. Growth rate may be manipulated by feed restriction, in order to attain a target BW at boar stimulation (-90 kg), which would coincide with a minimum age (-155 d) and BW at puberty (-97 kg). Nutritional flushing during the first estrous cycle then could be used to normalize OR at mating at second estrus of gilts that were restricted-fed when prepubertal. Key Words: Gilts, Nutrition, Puberty, production, Traits, Flushing 
altered If a permissive 1ean:fat ratio is required for the onset of puberty (Kirkwood and Aheme, 1985; Kirkwood et al., 1987) , such a selection trend is likely to retard the attainment of puberty because this ratio will take longer to achieve. Reproductive efficiency is also affected; leaner gilts farrow at an older age (Johansson and Kennedy, 1983) . Furthermore, this selection trend may lead to females with a larger mature body size, with a consequent increase in energy maintenance requirements. Thus, the associations among growth rate, body weight, and fatness and the attainment of puberty in genetically lean gilts need to be reevaluated Restricting feed or energy intake before puberty, or between esmus cycles, reduces ovulation rate in gilts. Short-term, high-level feeding during the first estrous cycle (flush-ing), nonetheless, increases ovulation rate (Anderson and Melampy, 1972; den Hartog and van Kempen, 1980) . It is not clear, however, whether flushing merely reverses the negative effect of nutritional restriction on ovulation rate or induces superovulation (Aheme and Kirkwood, 1985) .
The objectives of this study were, first, to examine the effects of prepubertal feeding level on body weight, fatness, growth rate, and age at the attainment of puberty. Second, we wanted to evaluate the effect of pre-and postpubertal feeding level on pvulation rate at first and second estrus in gilts.
Experimental Procedure
Animals and Treatments. One hundred forty-five crossbred (Yorkshire x Landrace) prepubertal gilts were used in three replicate experiments conducted during the summer and fall of consecutive years. The gilts were weaned at 28 d of age and thereafter were penned in groups and had ad libitum access to commercial starter and grower diets. M e r allocation to the experimental treatments, gilts were fed a barley, wheat, and soybean mealdiet formulated to provide a minimum of 16% crude protein, .95% lysine and 3.0 Mcal ME/ kg and to exceed the NRC (1979) recommended requirements for growing pigs for amino acids, vitamins, and minerals. Restricted-fed gilts were penned in groups of four but were individually fed three meals of approximately equal size at 0630, 1130 and 1530. Gilts with ad libitum access to feed also were penned in groups of four but had continuous access to the diet from self-feeders.
From 47.2 f .63 kg of full body weight (BW) and 98.2 f .49 d of age (AGE) until 3 d after the attainment of first estrus (puberty), sets of gilts with similar postweaning growth rates calculated as current BW minus birth weight divided by age (using only animals within f 1.8 x standard deviation), were assigned randomly to be fed either 2.0 kg/d (L, n = 86) or given ad libitum access to feed (H, n = 59). From 3 d after the attainment of first estrus until 5 d after the attainment of second estrus, the feed allowance of one-half of the gilts in the L group was increased to 2.8 kg/d (LH, n = 43); the other L gilts continued to be fed 2.0 kg/d (LL, n = 41). All gilts in the prepubertal H group continued feeding ad libitum (HH, n = 46) until 5 d after the attainment of second estrus.
From an average pen BW of 65 kg until 5 d after the individual attainment of second estrus, gilts were moved daily as a group into one of three or four mature boar pens on a rotational basis for stimulation and detection of estrus. Gilts were in full body contact with boars for approximately 20 min and subsequently were returned to their home pens. Any gilt showing estrus was removed immediately from the boar's presence in order to prevent mating. Measurements. Body weight was recorded weekly for all gilts in the three experiments. Backfat thickness4 (BF) was measured at the same time as BW in all gilts in Exp. 2 and 3. Probe sites were aligned with the apex of the curve of the last rib, at both sides, 5 cm off the midline, and were permanently marked with a tattoo for subsequent readings. Gilts that showed normal estrous activity were slaughtered 5 to 7 d after the onset of their second estrus. Any gilt that had not shown behavioral second estrus 30 d after the date of onset of first estrus was slaughtered. After slaughter, reproductive tracts were collected and the ovaries were removed at the hilus. The ovaries then were sliced in approximately 1-mm sections. Ovulation rate (OR) at first and second estrus was established by counting corpora albicantia (CA) and corpora lutea (CL), respectively. In Exp. 1, in order to substantiate this method for determining ovulation rates in consecutive estrous cycles in the same animal, the number of CA counted at slaughter after the second estrus in HH gilts was compared to counts of CL following the slaughter of 11 H gilts 5 d after their pubertal estrus. Hereafter, this will be referred as the "CA*CL test."
Statistics. Statistical analyses were performed using General Linear Models procedures (SAS, 1988 
Results
Animals. Four of the 145 gilts were withdrawn from the experiments before the attainment of puberty due to unsatisfactory growth rate (2L) and leg weakness (2H). In addition, the data from 11 H gilts involved in the CA*CL test, data from three gilts injured by the boars (2 LH, 1 HH) and 12 gilts slaughtered 30 d after puberty having not shown second estrus, were excluded from statistical analysis of traits at second estrus. Postmortem examination of the reproductive tract morphology of these anestrous gilts revealed a gravid uterus in four (2 LL, 2 HH) and cystic follicles in the ovaries of two (1 LL, 1 LH); the presence of CL and CA in the ovaries of one (1 LH) gilt suggested that a second estrus had gone undetected. The absence of CL in the ovaries of the remaining five gilts indicated true postpubertal anestrus (4 LL, 1 LH). Consequently, data from 141 gilts (84 L, 57 H) were used in regression and correlation analysis of traits at puberty, How- 
SEM .31
Teast squares means for the pooled data of three consecutive years.
kL. = gilts that remained on a corutaut diet; LH = gdts that were given an increased feed allowance; HH = gilts with ad libitum access to feed.
'Means with superscripts that do not have a common superscript letter differ: 4 i main effect of time irrespective of feeding level; j. k main effect of feeding level irrespective of time; 4y.z feeding level x time interaction expressed by the difference between fust and second estrus. k i l t s (year x treatment) as error term.
' CA and CL = corpora albicantia and corpora lutea, respectively. fStandard error of the mean (SEW and difference (SED).
ever, complete data sets from only 115 gilts were available for a statistical analysis of changes in a variable from first to second estrus (34 LL, 38 LH, and 43 HH).
Feed Intake. The pooled pattern of voluntary feed intake for the HH gilts is shown in Figure 1 . Feed intake for the H gilts at initiation of the study was similar to the feeding allowance of the L gilts. At first estrus, feed intake for the H gilts was 3.4 kdd, equivalent to 170% of the feeding allowance of the L gilts. At second estrus, feed intake for the HH gilts reached 3.6 kg/d, equivalent to 190 and 135% of the feeding allowance for the LL and LH gilts, respectively.
Production Traits. Table 1 presents the least squares means of the pooled data for AGE, BW, OR, and BF. These data were pooled because there was no significant effect of year, nor were there significant interactions for year x feeding level, year x time (first, second estrus), or year x feeding level x time (P > .05).
The main effect of time (fist, second estrus), irrespective of feeding level, was significant for all studied traits. Gilts were older, heavier, fatter, and had higher OR at second than at first estrus.
The main effect of the feeding level, irrespective of time, was significant for AGE, BF, and OV. The HH gilts were younger and fatter than either the LL or LH gilts. Gilts in the L group that had their feed allowance increased (LH) and HH gilts had greater OR 
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Body weight, kg 2a); younger gilts were lighter at puberty. In contrast to BW, there was overall a highly significant quadratic and negative relationship between AGE at first estrus and lifetime growth rate (Table 2, Figure 2b) ; this relationship was even stronger for the L gilts (Table  2) ; the greater the growth rate, the younger the gilt at puberty. This relationship was, however, nonsignificant (P > .05) for the H gilts.
The correlation between AGE and BF at first estrus was low and nonsignificant (P > .OS). However, when fatness was expressed as BFDW at first estrus, a significant negative linear relationship with AGE was observed. Overall (Table 2, Figure 2c ) and for each group, the fatter the gilt the younger it was at Correlations between AGE and OR at first estrus were low and nonsignrficant (P > .05).
Overall, BW at fist estrus was positively and highly correlated to lifetime growth rate and BF at first estrus. For the L gilts, however, there was no correlation between BW and BF at first estrus (P > .05).
Correlations between lifetime growth rate and BF at first estrus and BFDW at first estrus were positive and significant overall and for the H gilts, yet they were nonsignificant for the L gilts (P > .OS).
Overall, OR was positively and highly correlated with fatness at first estrus (r = .27), yet this relationship was nonsignificant for the individual groups (P > .05).
Correlations Between the Increase in OR from First to Second Estrus and AGE, BW, BF, Lifetime Growth Rate, and Fatness at Second Estrus or Their Change Between First

puberty.
and Second Estrus. Overall, the increase in OR from first to second estrus was positively correlated with the increase in BW between first and second estrus (r = .25) and with lifetime growth rate from birth to second estrus (r = .27). However, significant correlations were not established for the individual treatment groups (P > .05).
Discussion
Whether moderate feed restriction (60 to 85% of ad libitum) affects age at puberty in gilts has been the subject of controversy (reviewed by Brooks and Cole, 1974; Hughes, 1982; Aheme and Kirkwood, 1985) . In the present study, feed restriction delayed but did not prevent the onset of puberty. After puberty was attained, the length of the first estrous cycle was neither affected by feeding level nor by indirect changes in growth rate, body weight, or fatness over the first estrous cycle. Thus, mild feed or energy restriction delays attainment of puberty primarily by affecting growth rate. The close proximity in body weight at puberty between treatments groups is consistent with the suggestion that body weight is an important determining factor in the attainment of reproductive activity (Frisch, 1988) . Van Lunen and Aherne (1987) observed similar results; no difference in body weight at puberty between gilts reared on different feeding regimens was noted, even though growth rate and age at puberty were different.
The observed positive correlation between age and body weight at puberty (Figure 2a ) indicated that the heavier the gilt at boar stimulation, the heavier it was at puberty. This likely is a function of most gilts achieving a level of development permitting a response to boar contact. This suggestion is in agreement with the data of Burnett et al. (1988) and Knott et al. (1984) . Therefore, a weight or age difference at commencement of boar contact would still be evident at puberty.
Of great relevance in this study is the negative quadratic relationship between age and lifetime growth rate to puberty. In contrast to this quadratic relationship, a linear and negative relationship has been reported previously (Reutzel and Sumption, 1968; Cunningham et al., 1974; Hutchens et al., 1981; Price et al., 1981; den Hartog and Noordewier, 1984; Mabry et al., 1985) . The manner in which previous results were analyzed, added to the variability in experimental design, may have masked the existence of a quadratic relationship, in that the existence of a linear relationship may be limited to restricted-fed gilts. No relationship between age at puberty and lifetime growth rate was evident from our data ( Table 2) or those of Young et al. (1990) for gilts with ad libitum access to feed. Hence, we interpret the negative quadratic relationship observed in our study as follows: We propose that there are at least two components in the relationship between lifetime growth rate and age at puberty (Figure 2b ). In the first, with a negative slope and mainly associated with restricted feeding, the greater the growth rate, the younger the gilts would be at puberty. In the second, with a slope no different from zero and mainly associated with ad libitum intake, growth is not limiting and gilts reach puberty at the youngest age possible. Accordingly, this minimum age at puberty coincided with a lifetime growth rate of .60 kg/d (x = -BL!C). From the equation generated with these data, a third component seems feasible when the slope becomes positive and corresponds to the fastest growing gilts; here age at puberty becomes delayed as growth rate increases. Caution must be exercised, however, because the number of gilts in that component was small due to the allocation procedure used in this study (only gilts within f 1.8 x standard deviation of postweaning growth rate were considered). Hence, whether the slope remains zero, in which case faster-growing gilts will be heavier at puberty, or becomes positive, in which case gilts will not only be heavier but also older at puberty, is not clear.
Linear and positive relationships among lifetime growth rate, body weight, and fatness were noted as significant overall and for the H gilts but not for the L gilts (Table 2) . Thus, lifetime growth rate was associated with body weight at puberty but not necessarily with a certain backfat thickness or degree of fatness. The reason for this may be in the quality of tissue growth. For the L gilts with a low growth rate, extremely lean growth occurred and no correlation was observed; in contrast, for the H gilts, a greater growth rate may have been associated with greater fat deposition. This rationale does not, however, rule out the possibility that puberty was delayed until a certain amount of body fat or a certain degree of fatness had been achieved. Thus, for gilts within the first component of the relationship between age at puberty and lifetime growth rate, growth or some aspect of body state probably limited attainment of puberty. Similarly, for those gilts within the third component, with the fastest and possibly also the leanest growth, achievement of a certain degree of fatness also may be the factor limiting activation of the hypothalamic- (Frisch, 1988) . In contrast, for gilts within the second component, for which fat deposition is greater, neither fatness nor body weight limits attainment of puberty, because these are guaranteed by the rate and quality of growth. This seems in agreement with the conclusions of Young et al. (1990) that body weight and fatness did not limit attainment of puberty in gilts with ad libitum feed intake. Growthindependent effects on the maturation of the hypothalamic-hypophysial-varian axis seem, therefore, to be limiting puberty attainment in gilts within the second component.
Flushing. Dyck (1971) suggested that only the number of CL will provide accurate estimates of ovulation rate. It is possible that when the ovary is examined superficially, follicular growth and new corpora lutea may mask the regressing corpora albicantia from the ovarian surface. Slicing of ovarian tissue accordingly is a more precise method of establishing ovulation rate in the same animal over two consecutive estrous periods; the accuracy of this method was confirmed here. King (1989) reported that heavier and fatter gilts had higher ovulation rates at puberty. In the present study, however, a higher ovulation rate was associated with greater fatness but not with body weight at puberty.
It has been reported previously (reviewed by Anderson and Melampy, 1972; Brooks and Cooper, 1972; den Hartog and van Kempen, 1980 ) that feed restriction followed by realimentation (flushing) increases ovulation rate in swine. Because of the lack of adequate control groups, however, it never has been clear whether flushing induces superovulation or merely normalizes the ovulation rate from a previously depressed level (Knott et al., 1984, Aheme and Kirkwood, 1985) . From the present results the following four points can be concluded: 1) continuous feed restriction to 50 to 65% of ad libitum (1.7 -2 x maintenance; ARC, 1981) adversely affects ovulation rate at both first and second estrus; 2) in gilts with ad libitum intake (2.8 -3.0 x maintenance), ovulation rate is higher and it increases from first to second estrus; 3) flushing (2.4 x maintenance) of previously restricted-fed gilts only increases the ovulation rate to that observed in gilts with ad libitum intake and does not stimulate superovulation; and 4) the lack of a significant correlation between the increase in ovulation and change in any production trait from first to second estrus for the LH gilts (flushing), indicates that realimentation may exert a short-term effect on ovulation rate more related to an overall improvement of metabolic status than to a dependence on changes in body weight, backfat thickness, or fatness (see Booth, 1990) .
Implications
Maximizing growth rate in replacement gilts with ad libitum access to feed may not always hasten the attainment of puberty. Indeed, excessively lean growth may delay attainment of puberty and increase mature body size and, therefore, maintenance costs. Therefore, it may be practical to manipulate growth rate by feed restriction in order to attain a target body weight at boar stimulation (90 kg), which would coincide minimum age (-155 d) with body weight at puberty (-97 kg) . Nutritional flushing during the first estrous cycle then could be used to normalize ovulation rate at mating at second estrus of gilts that were restricted-fed when prepubertal.
